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Abstract 
Background: Inguinal hernia is a common condition in the general population requiring 
surgical treatment. The lifetime risk of developing an inguinal hernia is 27% for men and 3% 
for women. Lichtenstein et al in 1989 introduced a tension-free repair technique using a 
polypropylene mesh to reinforce the posterior wall of the inguinal canal. The current practice 
world over is to secure the mesh in place using polypropylene sutures.  
The time taken from mesh preparation to skin closure may be significantly reduced if skin 
staples are used in place of polypropylene sutures. The use of skin staples may also lead to a 
reduced incidence of certain post-operative complications like seroma formation, nerve 
impingement and superficial surgical site infections owing to reduced tissue handling. 
 
Aim: To study the use of skin staples in place of polypropylene sutures for mesh fixation 
and wound closure in patients undergoing elective inguinal hernia repair. 
 
Materials and Methods: 
A single arm study was designed to observe the effects of skin staples for mesh fixation and 
wound closure in 50 consecutive cases of primary unilateral adult inguinal hernia open mesh 
repair from 1st November 2015 to 31st July 2017. The mesh fixation time was noted and the 
incidence of post-operative complications was calculated. The data was compared with 50 
retrospective controls who had undergone Lichtenstein’s hernioplasty with polypropylene 
sutures for mesh fixation. 
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Results: 
The mean mesh fixation time was noted to be 15.04 minutes with a range of 8:30 minutes to 
30:00 minutes. There was no significant difference 22.45% vs. 22% (p=0.951) between the 
development of seromas or haematomas between the study group and retrospective chart 
reviews for 100 patients who underwent conventional suture repair between 2014 to 2017.  
As of September 2017, 3 out of 50 patients (6%) developed a recurrence with the last patient 
recruited in August 2017. One patient developed reactionary haemorrhage post-operatively 
and required exploration with mesh re-fixation with polypropylene sutures after achieving 
haemostasis.  
10.2% of patients developed a superficial surgical site infection which was treated 
conservatively.  
 
Conclusion: 
The mean mesh fixation time calculated from this study can be used as a reference for future 
interventional trials. Incidence of post-operative complications were comparable with the 
standard procedures.  However, there was higher short term recurrence rate as compared to 
standard procedure.  
Keywords: inguinal, hernia, Lichtenstein’s, skin staples, mesh 
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Introduction 
 
The lifetime risk of developing an inguinal hernia is 27% in men and 3% in women.  
The timely repair of an inguinal hernia can help to avoid complications such as obstruction or 
strangulation, besides significantly improving their quality of life. 
The repair of inguinal hernias still remains one of the most commonly performed surgical 
procedure worldwide. The current practice is to fix the mesh to the fascia over the pubic 
tubercle, inguinal ligament and deep muscles with polypropylene sutures using a tension-free 
technique as described by Lichtenstein et al in 1989.  
Lichtenstein tension-free mesh inguinal hernia repair is a simple, safe, comfortable, effective 
method, with extremely low early and late morbidity and remarkably low recurrence rate. 
Therefore it is the preferred method for hernia repair. Tension free repairs have been found to 
be superior to tension based repairs with significantly reduced rates of recurrence.  
Egger et al, in 1994, were the first to use skin staples for fixation of the mesh and wound 
closure in inguinal hernia repair. Skin staples have been noted to not undergo any migration 
or displacement after a standard 1.5 Tesla MRI scan in an experimental analysis. 
The use of staples have been found in multiple studies to significantly reduce the operating 
time. A randomized control trial with 50 patients, found that those undergoing staple fixation 
returned to normal activity sooner than the patients in the suture group. Moreover, one of the 
studies found reduced rates of wound related complications as compared to the suture group. 
It was hypothesized to be due to reduced tissue handling as well as tension created over the 
tissue as a result of the needle hole.   
At our centre in the year 2014-2015, a total of 234 inguinal hernia open mesh repairs were 
carried out. Assuming a mean reduction in operating time of 12 minutes in each case, the 
total operating time gained would be approximately 46 hours. This in turn would facilitate 
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more number of cases being operated in the same theatre. If this method results in a lower 
rate of post-operative complications, there would be a resultant conservation of hospital 
resources. The overall reduction in morbidity would reduce the hospital stay and subsequent 
cost to the patient. 
Thus, a single arm study with skin staples for fixation of the mesh and wound closure in 
inguinal hernia open mesh repair would form a foundation for a possible change in the 
standard of care. 
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Aim 
We aimed to demonstrate the efficacy, safety and ease of use of skin staples for fixation of 
the polypropylene mesh in Lichtenstein’s tension-free hernioplasty as compared to 
polypropylene sutures.  
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Objectives: 
 
Primary objective: 
To calculate the mean mesh fixation time (Calculated to the nearest 5 seconds 
from the beginning of preparation of the mesh to the completion of skin 
closure.) 
Secondary objectives: 
1) Post-operative pain on a 100mm Visual Analogue Score to be assessed on post-operative 
day 1, 2 and 1 week post-surgery and on 3 monthly telephonic follow up thereafter for a 
period of 1 year. 
2) Seroma formation in the immediate post-operative period (diagnosed 
clinically) and followed up in the ambulatory clinic and as well as on 3 monthly telephonic 
follow up thereafter for a period of 1 year. 
3) Superficial surgical site infection in the immediate post-operative period and followed up 
in the ambulatory clinic and as well as on 3 monthly telephonic follow up thereafter for a 
period of 1 year. 
.4) Recurrence at 3 monthly telephonic follow-up for a period of 1 year. 
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Literature review  
 
A hernia is defined as the abnormal protrusion of a viscus or a part of a viscus through an 
opening in the wall of the cavity containing it. ‘Hernios’ is Greek for ‘a bud’ and gave rise to 
the modern term ‘hernia’. (1) A hernia by itself may be asymptomatic but warrants treatment 
as it can develop life-threatening complications such as incarceration, obstruction and 
strangulation. 
Descent of the testis:(2) 
The testis develop in relation to the developing mesonephros at T10-T12 segments. They then 
descend subsequently into the scrotum. Each testis begins to descend during the second 
month of intrauterine life. It reaches the iliac fossa by the 3rd month, rests at the deep inguinal 
ring from the 4th to the 6th month, traverses the inguinal canal during the 7th month, reaches 
the superficial ring by the 8th month and the base of the scrotum by the 9th month.  
The processus vaginalis is the extension of the peritoneal cavity which precedes the descent 
of the testis into the scrotum and is invaginated by the descending gonad.  
The processus vaginalis closes above the testis and descent does not occur beyond 1 year of 
age. 
Many factors are proposed to influence the testicular descent. 
a) Levy et al in 1995, proposed that the descent was brought about by the release of 
descendin from the normal testicle. Descendin secretion favours selective growth of 
the gubernacular cells. Masculinization of the inguinal canal is brought about by the 
gubernacular outgrowth. The intra-abdominal pressure is transmitted to the 
gubernaculum at the beginning of descent by the outgrowth of the processus 
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vaginalis. The testicle is in turn introduced into the inguinal canal by the traction 
exerted by the gubernaculum. Androgens influence gubernacular regression and this 
coupled with intra-abdominal pressures effectively cause testicular descent. The intact 
fetal hypothalamic-pituitary axis can modify the viscoelasticity of the gubernaculum. 
Reduced turgidity of the gubernaculum allows intraabdominal pressure to propel the 
testis into the scrotum. Cryptorchidism occurs as a result of abnormalities of any of 
the above mentioned processes. 
 
Fig.1: Testicular descent 
b)  Jegou et al in 2015, (3) proposed that the two phases of testicular descent 
were regulated by different hormonal mechanisms. The transabdominal 
phase began after sexual differentiation at 7–8 weeks of gestation and is 
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completed at the 15
th
 week of gestation. Insulin like factor 3 (INSL3) is 
the primary hormone controlling this phase.  
The inguinoscrotal phase occurs at the 25
th
 to 35
th
 week of gestation and 
is controlled by testosterone and calcitonin gene related peptide (CGRP), 
synthesized by the genitofemoral nerve. Anti-Mullerian hormone from 
the fetal Sertoli cells and prostaglandins have an unclear role.  
 
 
 
Fig.2: Transabdominal and inguinoscrotal phases of descent 
 
Surgical anatomy of the inguinal canal(4) 
The anatomy of the inguinal region is complex, with multiple anatomical entities coming 
together to form a foundation for the inferior anterolateral abdominal wall as it attaches to the 
pubic tubercle, pelvic rami and the anterior superior iliac spine. 
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To understand the formation of the inguinal hernia, a thorough understanding of the inguinal 
region is essential. 
a) External oblique aponeurosis: (Fig.1) 
The external oblique aponeurosis joins with the conjoint tendon below the level of the 
arcuate line to form the anterior layer of the rectus sheath. This aponeurosis 
contributes to the inguinal ligament (Poupart’s), lacunar ligament (Gimbernaut’s) and 
the reflected part of the inguinal ligament (Colle’s) and the pectineal ligament 
(Cooper’s). The tendinous fibres of the internal oblique, transversus abdominis and 
the pectineus muscles also contribute to the formation of the pectineal ligament. 
 
Fig.3: External oblique muscle and aponeurosis 
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b) Inguinal ligament (Poupart’s): (Fig.2) 
The thickened lower part of the external oblique aponeurosis gives rise to the inguinal 
ligament, attached medially to the superior ramus of the pubis and laterally to the 
anterior superior iliac spine. The middle one third has a free edge while the lateral 
two-thirds are the ilio-psoas muscles and fascia. 
 
Fig.4 Inguinal ligament and its attachments 
 
 
c) Iliopectineal arch: 
The medial thickening of the iliac fascia deep to the inguinal ligament forms the 
iliopectineal arch, which extends from the iliopubic tract towards the anterior border 
of the femoral canal. 
d) Iliopubic tract: (Fig.3) 
The aponeurotic band extending from the pubic tubercle to the anterior inferior iliac 
spine forms the iliopubic tract. It is part of the deep musculoaponeurotic layer which 
reinforces the inguinal canal behind the transversus abdominis muscle and 
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aponeurosis with the underlying fascia. The tract passes medially and contributes to 
the inferior border of the deep inguinal ring. It also forms the anterior border of the 
femoral sheath together with the transversalis fascia by passing anterior to the femoral 
vessels. The tract attaches to the pectineal ligament by curving around the medial 
surface of the femoral sheath. 
 
 
Fig.5: Iliopubic arch and iliopubic tract 
 
e) Lacunar ligament (Gimbernaut’s): (Fig.4) 
The most inferior portion of the inguinal ligament is the lacunar ligament. It is formed 
from fibres of the external oblique arising from the anterior superior iliac spine. Its 
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fibres recurve through an angle less than45 degrees before attaching to the pectineal 
ligament. 
 
 
Fig.6: Lacunar ligament 
 
f) Pectineal ligament (Cooper’s): (Fig.4) 
It is a periosteal extension of the lacunar ligament along the pectineal line. This 
ligament is a thick strong tendinous band formed from the fibres of the internal 
oblique, transversus abdominis and pectineus muscles and with variation, the inguinal 
falx. The periosteum of the superior pubic ramus, the pectinate fascia and the upper 
part of the pectinate line is covered by Cooper’s ligament. 
It is often used in surgical hernia repair as it is a strong anchor for musculotendinous 
and fascial layers of the groin. 
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g) Conjoint tendon: (Fig.5) 
The fused fibres of the internal oblique aponeurosis and the transversus abdominis at 
the insertion on the pubic tubercle, pectineal ligament and the superior pubic ramus 
form the conjoined tendon. This is rarely encountered and is less than 5% of cases and 
the term conjoined area is more appropriate.  
This usage has practical applications to this area, as it also includes the falx inguinale 
(Henle’s ligament), the inferomedial fibres of the internal oblique, the reflected 
inguinal ligament and the lateral border of the rectus sheath. 
 
  
 
Fig.7: Conjoint tendon 
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h) Falx inguinales (Henle’s ligament): (Fig.6) 
It is the lateral, vertical expansion of the rectus sheath which inserts on the pectin 
pubis. It is seen in 30-50% of individuals and is fused with the transversus abdominis 
muscle and transversalis fascia.  
i) Reflected inguinal ligament (Colle’s): (Fig.6) 
The aponeurotic fibres of the lateral crux of the external inguinal ring pass medially 
and upwards, behind the medial crux to blend with the opposite external oblique 
aponeurosis. These fibres are termed as the reflected inguinal ligament or Cooper’s 
ligament. 
 
 
 
Fig. 8: Henle’s and Cooper’s ligmaent 
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i) Arch of the transversus abdominis:  
The inferior portion of the transversus muscle becomes more aponeurotic and less 
muscular as it approaches the rectus sheath. Near the internal ring, it is covered by the 
more muscular internal oblique muscle. 
j) Transversalis fascia: (Fig.7) 
Although the name transversalis fascia is restricted to the internal fascia lining the 
transversalis muscle, it is often applied to the entire connective tissue lining the 
abdominal cavity. In another sense, it is a fascial layer covering bones, ligaments, 
muscles and aponeuroses. In the inguinal area, this fascia is bilaminar and envelopes 
the inferior epigastric vessels. 
 
Fig.9: Relations of transversalis fascia 
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k) Retroinguinale (Extraperitoneal) space of Bogros: (Fig.8) 
This space is the lateral extension of the retropubic space of Retzius which is related 
to the transversalis fascia. It is located just beneath the posterior lamina of the 
transversalis fascia (membranous layer of the preperitoneal tissue and the overlying 
peritoneum). The space of Retzius is the separation between the medial aspect of the 
transversalis fascia and the peritoneum over the bladder.  
 
 
Fig.10: Extraperitoneal spaces of the inguinal region 
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Layers of the extraperitoneal tissue: (Fig.9) 
In the lower anterior abdomen and pelvis, there is an aggregation of extraperitoneal fascia to 
facilitate movement and expansion. The fascia ensheaths and supports the extraperitoneal 
organs. There is an outer membranous and inner fatty layer, which help to delineate two 
important surgical planes, the parietal and visceral. The parietal plane lies between the 
transversalis fascia and the membranous layer of extraperitoneal fascia and contains the deep 
inferior epigastric vessels and genital branch of the genitofemoral nerve with the iliopubic, 
rectusial and other communicating veins. 
The visceral plane between the peritoneum and the membranous layer of the extraperitoneal 
fascia contains the median and medial umbilical ligaments. The vas deferens, round ligament, 
the gonadal vessels and the ureter are contained in this plane. The venous plexus of the 
bladder and prostate lies beneath these structures in the same plane. The architecture of the 
abdominal and pelvic extraperitoneal spaces is universal. 
The Gerota’s fascia, prevesical fascia and rectovesical fascia are formed by condensation of 
the membranous layer of the extraperitoneal tissues. 
 
 
 
 
 
 
 The Inguinal Canal: (Fig.10)
The adult inguinal canal measures an average of 4 cm and is obliquely placed in the lower 
abdomen. It contains the spermatic cord in males and the round ligament in females. 
 
 
Fig.11: The inguinal canal
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a) Boundaries: 
a. Anterior: Aponeurosis of the external oblique mass medially and more 
laterally the internal oblique muscle. 
b. Posterior: In 75% individuals, the floor is laterally formed by the aponeurosis 
of the transversus abdominis muscle and transversalis fascia. 
c. Superior: The roof of the canal is formed by the arched fibres of the lower 
edge of the internal oblique muscle and transversus abdominis muscle with the 
respective aponeuroses. 
d. Inferior: The shelving lower border of the inguinal ligament forms the inferior 
border of the inguinal canal along with the lacunar ligament. 
 
b) Hernial rings of the groin:(4) 
Fruchard was of the opinion that hernias should be classified as per their origin in the 
groin. He termed the area as the myopectineal orifice, bounded superiorly by the arch 
of the transversus abdominis and internal oblique muscles, laterally by the iliopsoas, 
medially by the lateral border of the rectus muscle and its anterior lamina and 
inferiorly by the pectin pubis. 
The inguinal ligament spans and divides this framework. 
c) Indirect inguinal hernia: 
This type of hernia could be congenital or acquired where herniation occurs through 
the internal rings. The sac follows the round ligament in females and spermatic cord 
in males. 
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d) The deep inguinal ring: (Fig.11) 
The defect in the transversalis fascia and transversus abdominis muscle shaped like 
the Greek letter “lambda” is termed as the deep inguinal ring. The anterior and 
posterior arms are formed by a thickening of the transversalis fascia forming a sling. 
The transversus abdominis muscle, transversalis fascia and the iliopubic tract form the 
inferior border. When viewed from within the extraperitoneal space, the internal ring 
is formed superolaterally by the transversus arch extending from the Colle’s fascia, 
coursing inferolaterally. 
The pectineal ligament is medial to this arch and aberrant obturator artery can be 
noted coursing over this ligament in this space. 
 
 
Fig.12: Deep inguinal ring 
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e) The Secondary deep ring: (Fig.12)(5)  
It was first described by Lytle in 1945 and later defined by Fower in 1975. 
It arises from the membranous layer of the extraperitoneal tissues, immediately deep 
to the transversalis fascia. In males, the vas deferens hooks around the inferomedial 
edge of the secondary ring to enter the canal. The gonadal vessels lie laterally to the 
vas deferens also traverse the secondary deep ring to enter the spermatic cord. This is 
readily appreciated when viewing the deep ring from the preperitoneal space during 
laparoscopic repairs.  
The secondary deep ring has important surgical implications. The correct level of 
ligation of the indirect sac is at the level of the secondary deep ring.  
When using the inguinal or preperitoneal approach, the internal spermatic fascia 
should be incised to allow for exposure of the secondary internal ring. At this level, 
the membranous layer is incised in its thicker area and the peritoneum detached from 
the cord structures while performing a truly high ligation of the sac. 
 
Fig.13 Secondary deep inguinal ring 
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f) The superficial inguinal ring: (Fig.13) (6) 
This is a triangular cleft in the external oblique aponeurosis. The base is related to the 
pubic crest and margins formed by two crura, superior (medial) and inferior (lateral). 
The superior crux is formed by the external oblique aponeurosis and the inferior crux 
by the inguinal ligament. More specifically, the medial crux is attached to the lateral 
edge of the rectus sheath and tendon of the rectus abdominis muscle. The lateral crux 
is attached to the pubic tubercle. 
The pathway of an indirect hernia sac and its contents may be interparietal in rare 
cases. 
 
Fig.14: External inguinal ring 
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g) The secondary superficial ring: (Fig.14) 
Mirilas et al found a second external inguinal ring. Discovered by McGregor in 1929 
(“The third inguinal ring”) and described by Martin in 1984, it was forgotten 
thereafter. The secondary superficial ring arises from the membranous layer of the 
superficial fascia of the anterior abdominal wall below the classic superficial ring. It is 
a tube like arrangement of Scarpa’s fascia which constitutes the entrance into the 
scrotum. 
A similar ring like arrangement is noted around the female round ligament in 
cadavers. There are several disorders associated with the secondary superficial ring in 
the inguinoscrotal region. Adhesive obstruction, under-development or congenital 
absence of the secondary external ring has been considered responsible for some cases 
of incomplete testicular descent or testicular ectopy. 
This ring is an anatomical obstacle for hernia sacs to enter the scrotum. When a hernia 
passes the secondary external ring, it becomes scrotal.  
 
Fig.15: Secondary external inguinal ring 
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h) Direct inguinal hernia: (Fig.15) 
The ring of the direct inguinal hernia is located in the medial part of the inguinal 
fossa, the Hasselbach’s triangle. It passes through the floor of the inguinal canal. 
 
 
Fig.16: Direct inguinal hernia 
Nerves of the inguinal region: (4) 
The sensory innervation to the inguinal region arises from the 12th thoracic nerve and the 
anterior branch of the 1st and 2nd lumbar spinal nerves through the ilioinguinal, 
iliohypogastric and the genital branch of the genitofemoral nerve.  
a) Ilioinguinal nerve: 
It arises from the 12th thoracic and the 1st lumbar nerves. Lateral entry into the groin is 
along the path that courses through the transversus abdominis muscle medial to the 
anterior superior iliac spine. Normally it follows the spermatic cord below the 
external oblique aponeurosis until it exits the deep ring. It is usually found on the 
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anterior surface of the spermatic cord. It emerges from the superficial ring and gives 
cutaneous branches to the thigh and scrotum / labia. 
b) Iliohypogastric nerve: 
It arises from the 12th thoracic and 1st lumbar nerves. Its path courses through the 
transversus abdominis muscle superior to the ilioinguinal nerve to cross the groin in 
the plane between the external and internal oblique aponeurosis medial to the 
spermatic cord / round ligament. It can be found during identification and dissection 
of the conjoined area. In some cases the ilioinguinal and iliohypogastric nerves join 
prior to the entry in the groin. Occasional absence of either of these nerves has also 
been reported. 
c) Genital branch of the genitofemoral nerve: 
It arises from the 1st and 2nd lumbar nerves. In the pelvis, this nerve follows the 
gonadal vessels as it enters the inguinal canal deep to the lateral crux of the deep ring. 
In the anatomical compartments of the spermatic cord, the nerve follows the 
cremasteric vessels. An aberrant ilioinguinal nerve may accompany the genital 
branchof the genitofemoral nerve in select cases.
 
Fig.17: Nerves of the inguinal region 
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Classification of groin hernias 
 The classification of groin hernias was first described by Cooper as direct and indirect later 
defined by Hesselbach based on the inferior epigastric artery. (7) As the repair of inguinal 
hernia evolved, so did the classification.  
Harkins, in 1959, described 4 types of groin hernias: 
 
Fig. 18: Harkin’s classification 
Casten, in 1967, proposed a classification with 3 “stages” of hernia. Stage I contained hernias 
in children with a functioning external ring. Stage II described larger indirect hernias with a 
distorted internal ring. He grouped femoral and direct hernias into Stage III. He was the first 
to acknowledge the role of a normally functioning internal ring versus a dilated ring in the 
development of an inguinal hernia.(7) 
In 1970, McVay and Haverson proposed a classification system with 5 subgroups. The first 2 
described small and medium indirect hernias. The third category contained either a large 
indirect hernia or a direct hernia, as both authors felt that the aponeurotic floor was destroyed 
in these hernias. Femoral hernias were recognized as a distinct entity and were grouped as a 
separate category 5 along with combined hernias.(7) 
 
 
 
40 
 
Gilbert classification of inguinal hernias: 
Gilbert et al in 1989 published a report on 2995 consecutive cases of inguinal hernias which 
were repaired. They operated on all cases using the Shouldice four layer reconstruction and 
reported 11 recurrences in the series. The Gilbert classification is based on the functional 
integrity of the internal ring and transversalis fascia in Hasselbach’s triangle and the anatomic 
status of the hernial sac.  
5 types of hernias were described with types I, II and III being indirect and types IV and V 
being direct inguinal hernias. 
Type I:  
In this type of hernia, the internal ring is snug and a peritoneal sac passing through it can be 
reduced surgically and is contained by the muscular ring. The canal floor is intact. 
Type II:  
In this type of hernia, the internal ring is moderately enlarged, admits the tip of a finger but is 
smaller than two finger breadths. The hernial sac protrudes after surgical reduction when 
asking the patient to cough or strain. The canal floor is intact. 
Type III: 
In this type, the internal ring is large measuring more than 2 finger breadths. The canal floor 
is distorted and the peritoneal sac protrudes without the patient straining or performing the 
Valsalva maneouver. Once the hernia is reduced, the floor has to be reconstructed along with 
the internal ring.  
Type IV: 
In this type, there is a full blow-out of the canal floor with an intact internal ring. There is no 
peritoneal sac anterior to the canal floor. 
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Type V: 
A diverticular defect within the canal floor which measures no more than one finger breadth 
in size is seen. The internal ring is intact with no peritoneal sac seen anterior to the canal 
floor. 
Fig. 19: Gilbert classification 
Rutkow and Robins in 1993, expanded the existing Gilbert classification to include two more 
types. Type 6 included pantaloon hernias and type 7 included femoral hernias.(7) 
 
Fig.20: Rutkow and Robins modification of Gilbert’s classification 
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The Nyhus classification of groin hernias published in 1993 is a widely used system with 4 
classes based on the defect in the fascia and strength of the posterior wall.(8) 
 
Fig.21: Nyhus classification of inguinal hernias 
Stoppa added modifications to Nyhus’ classification and called them aggravating factors. 
They could be either general factors such as obesity, abdominal distension or collagenosis, or 
local factors such as complex, voluminous or multiple hernias. He also added additional 
aggravating factors such as complex hernial injuries (size, degree of sliding, multiplicity,etc.) 
patient characteristics such as age, activity, respiratory diseases, dysuria, obesity or 
constipation; special surgical circumstances like operative difficulties or any other 
unfavourable factor which could modify the treatment.  
In 1993, a new system of classification was proposed by Bendavid based on the anatomic 
area, the size of the defect and length of the sac. This was the TSD system (type, staging and 
dimension) and used four anatomic regions of the groin. These were medial or lateral and 
above or below the inguinal ligament. This created four individual types of groin hernias.  
The inguinal ligament separated the posterior and anterior regions while the inferior 
epigastric vessels separated the region into medial and lateral compartments. Accordingly, 
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Bendavid type I is anterolateral (indirect); anteromedial is type II (direct), posteromedial is 
type III (femoral) and posterolateral is type IV (prevascular). The descent of the hernial sac 
into the scrotum is respresented by the four Bendavid stages. 
In stage I the sac remains within the inguinal canal, it extends through the external ring in 
stage II and in stage III the sac is within the scrotum. The dimension measures the diameter 
of the defect of the abdominal wall in centimetres. Additionally, he modified type II 
anteromedial (direct) with a description as a hernia involving the direct floor. Thus, medial, 
lateral, central or the entire floor being involved. He also proposed several modifications to 
be added such as “R” for recurrence, “S” for sliding hernias, “I” for incarcerated and “N” for 
necrosis.(7) 
 
Fig.22: Bendavid classification 
Alexandre et al, in 1993, published a very similar classification which used TOS (type, 
orifice and sac) classification. The types described were indirect, direct, femoral or other. The 
orifice and sac lengths were measured in centimetres and recorded. Finally, the classification 
was modified with the letter “I” which stood for incarcerated hernia, “B” for bilateral and “R” 
for recurrent. 
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Fig.23: Alexandre classification 
Schumpelick and Arit in 1995, proposed a modification of the classification termed as the 
Achen classification. In this method, they used “L” to denote lateral (indirect); “M” for 
medial (direct); “F” for femoral. An additional modifier, “C” was added to define the 
combination of a hernial sac arising from the indirect and direct areas. They also measured 
each defect in the abdominal wall with a grading system that listed Grade I as below 1.5 cm 
and Grade II being 1.5-3 cm and Grade III >3cm. 
 
Fig.24: Schumpelick Arit – Achen classification 
In 1999, Zollinger et al, proposed a unified classification that has since been modified in 
Nyhus and Condon’s  “Hernia” 5th edition. Analysis of the exisiting hernia classifications 
showed many common features. This was the Modified traditional classification which was 
reviewed at the Consensus Hernia Surgery Workshop in Germany, 2002. It combined all the 
previous hernia classifications into a unified system with provision to include other difficult 
to describe hernias as “Other” hernias.  
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Fig. 25: Modified traditional classification, Zollinger et al 1999 
Newer systems of classification like the European Hernia Society (EHS) take into account the 
location of the hernia into “lateral”, “medial” or “femoral” and the number of finger breadths 
accommodated by the orifice (the breadth of the index finger measuring approximately 1.5 to 
2 cm).(9) 
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Table 2: EHS classification of groin hernias 
EHS Type  Primary(P) Recurrent (R)  
 0 1 finger 2 fingers 3 fingers 
Lateral     
Medial     
Femoral     
 
Mechanism of inguinal hernia formation 
The musculoaponeurotic layer formed by the external oblique, internal oblique and 
transverses abdominis affords considerable strength to the anterior abdominal wall. The 
inguinal canal is bounded anteriorly by the external oblique aponeurosis and the posterior 
wall is formed by the arching fibres of the conjoint tendon. These fibres, on coughing or 
straining, act as a shutter and obliterate the canal. In conditions with muscular laxity like 
ageing or lack of exercise or situations with elevated abdominal pressure, the abdominal 
contents can protrude into the canal from the weak posterior wall. 20%  of patients harbour 
the processus vaginalis which is patent and predisposes to development of an indirect 
inguinal hernia.(1) 
 
Risk factors for developing inguinal hernia 
Risk factors  
Normal body weight Male sex 
Hiatus hernia Patent processus vaginalis 
Collagen disease Caucasian race 
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Smoking was found to increase the risk of recurrence after hernia repair although there was 
no causal association found. (1) 
Interestingly, being overweight was associated with a reduced incidence of inguinal hernia in 
men. This was postulated to be due to increased muscular tone due to carrying abdominal fat. 
However, this could not be substantiated.(10) 
There was a reported association between abdominal aortic aneurysms and inguinal hernias 
suggesting a systemic fibre degeneration as found by Lehnert et al. (11) 
However, a larger population based study did not find any significant association between 
abdominal aortic aneurysms and inguinal hernias. (12) 
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Global burden of the disease 
Inguinal hernias are relatively common surgical problems with a lifetime risk of 27% in men 
and 3% in women.  
HES statistics showed almost 80,000 inguinal hernia repairs carried out in the United 
Kingdom and Scotland between 2011 and 2012.(1) 
Of all groin hernia repairs done in Denmark between 2006 to 2010, 97% were inguinal hernia 
repairs and 3% femoral hernia repairs. Of the inguinal hernia repairs, 90.2% were males and 
9.8% were females. They also observed an age-specific bimodal distribution of inguinal 
hernia between ages 0-5 years and 75-80 years.(13) 
The incidence of hospitalization with an inguinal hernia in the United States was 13.9% in 
men and 2.1% for women in an epidemiological study done to determine risk factors for 
inguinal hernia. (10) 
A study conducted in Ghana, Africa, showed a prevalence of inguinal hernia of 2.7% of the 
adult male population. The prevalence was noted to be 5 times higher than that of 
tuberculosis (Traub, 2017). 
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Burden of disease in India  
There are no population based demographic studies done in India to estimate the prevalence 
of inguinal hernia.  
Sayanna (2015) found that 198 out of 6000 patients were diagnosed with inguinal hernia from 
the outpatient clinic. The prevalence was 3.3% with a higher incidence in males aged 41-50 
years., followed by males aged 31-40 years (24.24%). 
The male female ratio was 87.8% :12.2%. 
A study of 187 patients in a semi-urban hospital in South India showed a male to female ratio 
of 2.2:1 and highest distribution in the 31-60 years age group. (14)  
Another study by Balram et al, done in North India on 130 patients showed males in the age 
group of 41-50 years having the highest incidence of inguinal hernia. 
Among them, right sided hernias were more common with (R:L 81:40) and indirect hernias 
having a higher incidence 95 out of 130. (15) 
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History of the procedure 
The earliest descriptions of hernia were found in Indian as well as Egyptian texts, viz. the 
Sushruta Samhita and the Ebers papyrus in the first millennial BCE. In the 3rd Century BCE, 
sedation was achieved with a root of Mandrake and surgery was performed for inguinal 
hernias. Galen advocated castration but was later avoided by Heliodorus and Cornelius 
Celsus.(16) 
Paul of Aegina (circa 690) advocated reducing the sac into the abdomen by invaginating it or 
by scarring the peritoneum using cautery.(17) 
Albucasis in the al-Tasrif describes his method of cauterisation of the abdominal wall with a 
red hot iron except in cases of enterocele, where a cross stitch is placed across the cord, the 
testis removed and a drain placed in the scrotum inferiorly.(16) 
Ambroise  Pare, the pioneer French surgeon and anatomist, was mostly conservative on his 
approach towards inguinal hernia. However, he does describe the “Point dore” method in his 
treatise Dix livres de chirurgie avec le magasin des instruments necessaires à icelle where the 
hernia sac is dissected off the spermatic cord and transfixed with golden threads.  
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Until the advent of asepsis and antibiotics in surgery in the 19th century, the treatment of 
hernias was largely with the use of devices like trusses. Long term outcomes of prior surgical 
techniques were unavailable and were likely to be high. (2) 
William Halsted and Eduardo Bassini almost simultaneously described the anatomical repair 
or the “radical cure” of hernia. However, Bassini published his work describing  the 
technique of suturing the conjoint tendon to the inguinal ligament and gained popularity 
worldwide.  
There were subtle differences in the technique utilised by Halsted and Bassini.  
 
Fig.26 Ambroise Pare 
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Fig.27 Eduardo Bassini                                                  Fig.28 William Halsted 
 
The Bassini technique describes dissection of the sac away from the spermatic cord along 
with ligation at the deep ring after reducing the contents. This is followed by suturing the falx 
aponeurotica (conjoint tendon) to Poupart’s ligament. (18) 
Halsted had a similar technique but differed in dissection and opening of the sac followed by 
excision of the redundant portions. The peritoneal opening was sutured with mattress sutures. 
He also advocated ligation of the pampiniform plexus of veins at the deep and superficial 
rings followed by approximation of the conjoint tendon and inguinal ligament.(18)  
Several modifications were made to the original techniques described by Bassini, including 
McVay and Lotheissen, but all continued to have high recurrence rates.(19) 
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Earle Shouldice, was a Canadian surgeon from Toronto, who introduced his method of 4 
layer muscular repair of the posterior wall in 1953 which had superior results as compared to 
the previous surgical procedures.(20) However, the results of the procedure conducted at the 
Shouldice clinic could not be replicated at other general hospitals even till this day.(21) 
    Fig.29 Edward Earl Shouldice              
The primary reason for recurrence of these hernias was deemed to be the 
musculoligamentous tension on the suture line. Hence, various release incisions were 
described. A part of the rectus sheath was slid down laterally towards the inguinal ligament, 
described by Norman Tanner in the 1960s. (22) 
The use of autologous materials, namely the pedicled or free fascial flaps from the thigh by 
Kirschner, Gallie and Keynes marked the beginning of the tension free hernia repairs. (16) 
Irving Lichtenstein, a surgeon from Los Angeles, in 1989, described the landmark method of 
using a Marlex (monofilament polypropylene) mesh prosthesis for reinforcement of the 
posterior wall.  
The rationale he applied was that the transversus abdominis aponeurosis arched over the 
spermatic cord and insert into the rectus sheath at a point 0.5 to 2 cm above the pubic 
tubercle. Hence, suturing these normally non-apposing tissues together under tension, led to 
an invariable suture line dehiscence and predisposed to a recurrence. 
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Hence, utilising a prosthetic mesh made of monofilament and incorporating monofilament 
suture material allowed him to perform a hernioplasty without formal reconstruction of the 
posterior wall, hence avoiding tension. 
The procedure was carried out under local anaesthesia and the patient was asked to cough or 
perform Valsalva manoeuvre to test the repair. 
 The procedure was carried out on 1000 consecutive cases with a reported recurrence rate of 
0. 2 patients developed a haematoma which resolved spontaneously. The mean follow up at 
the time of publication was 6 years.(23) 
The technique radically reduced the recurrence and complication rate to such an extent that 
today, the tension free inguinal hernioplasty is performed in an ambulatory setting with 
almost no risk to the patient.  
 
    Fig.30 Irving Lichtenstein 
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George LaRoque, Cheatle and Rene Stoppa were proponents of the posterior inguinal repairs. 
While LaRoque and Cheatle practised an intraperitoneal approach, Stoppa proposed a totally 
extraperitoneal repair which formed the basis for laparoscopic hernioplasties done today. (16) 
Laparoscopic inguinal hernia repair was first performed by Ralph Ger in 1982. He transfixed 
the hernia sac with surrounding structures using Michel staples and showed good outcomes.  
Today inguinal hernioplasty is performed routinely either by Lichtenstein’s method or 
laparoscopically with marginally reduced post-operative pain and early return to work with 
the laparoscopic repair.(24) 
Open anterior repairs done today are commonly performed under spinal anaesthesia or local 
anaesthetic infiltration. Lichtenstein (23) originally described the tension free hernioplasty to 
be performed under local infiltration anaesthesia. However, many surgeons prefer spinal 
anaesthesia in view of complete anaesthesia. Motor blockade and occasional urinary retention 
can complicate the procedure, however, this is the most common method of anaesthesia used 
in our institute.  
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Commonly studied outcomes 
There is a vast amount of literature available on the outcomes of inguinal hernia repair, either 
done by open or laparoscopic techniques. The commonly studied outcomes are seroma 
formation, hematoma, surgical site infection, mesh infection, post-operative pain, chronic 
groin pain and recurrence.  
A) Post-operative complications: 
The commonly encountered post-operative complications following inguinal hernia repair are 
seroma and hematoma formation. Any clinically identifiable collection of serous fluid in any 
tissue or space is defined as a seroma. Various mechanisms have been proposed for the 
development of seromas and haematomas. They include blood and lymphatic vessel injury, 
release of inflammatory molecules, shear stress between tissues and dead-space creation. (25) 
Another proposed mechanism for seroma formation was the presence of a foreign body like 
the mesh. The incidence of seroma following open repair is approximately 4% and following 
laparoscopic repair is 8%. Laparoscopic hernia repair is associated with a significantly 
increased risk of seroma formation.  
As outlined by Bendavid et al, Seromas: Abdominal wall hernias: Principles and 
Management, the clinical diagnosis of a seroma is made by the presence of distended skin 
without erythema, ecchymoses or tenderness. The swelling is usually fluctuant and can be 
detected by ultrasonography.   
Seromas are formed as an inflammatory response to mechanical or chemical stressors.  
Vigorous handling of the tissues can lead to increased protein loss from capillaries thereby 
increasing the interstitial oncotic pressure causing fluid retention. The leakage of fluid from 
an inflamed capillary can be five to seven times that of a normal capillary. 
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Damage to afferent lymphatic tissues also plays a contributory role in the formation of 
seromas.  
Chemical stressors like the composition of the prosthetic material used can influence the rate 
of seroma formation. (26) Each material has its innate capability to evoke an antigenic 
response from the native tissues. Synthetic materials were less elastic and stiffer as compared 
to biological prostheses. (26) 
Haematomas are more commonly associated with open repairs as opposed to laparoscopic 
repairs, 4-13% versus 6-16%. (27) Scrotal haematoma can be clinically diagnosed by 
discolouration of the scrotal skin. Most haematomas can be managed conservatively with bed 
rest and scrotal elevation. The scrotal hitch stitch has been described by Joseph et al to reduce 
the incidence of post-operative haematomas. (28) 
Massive haematomas can cause significant pain and tenderness. They also pose a risk for 
infection and hence can be drained surgically. Ensuring adequate hemostasis and resecting 
redundant hernia sac has been proposed to reduce the incidence of post-operative haematoma. 
(29) 
Superficial surgical site infections are more common as compared to mesh infections, 
occurring in 3-4.5% of all open inguinal hernia repairs. Mesh infection is significantly more 
common in open repairs as compared to laparoscopic repair 0.13% versus 0.08% 
(McCormack et al, 2008). 
B) Chronic groin pain: 
A subset of patients undergoing inguinal hernia repair will develop chronic groin pain, either 
at rest or with physical activity. A study showed persistent groin pain following inguinal 
hernioplasty at 6 months in 39.4% patients. Of them the majority had mild pain with less than 
1% having severe pain. (30)  A number of factors were seen to influence the incidence of 
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chronic groin pain. Symptom duration of more than 6 months, division of all 3 nerves, viz. 
ilioinguinal, iliohypogastric and genital branch of genitofemoral nerve, early post-operative 
pain and lack of infiltration of local anaesthetic agents predisposed to develop chronic groin 
pain.(30) 
In 2007, six experts came together to answer clinical questions regarding development of 
neuralgia post inguinal hernia surgery. They participated in an International Consensus 
Conference in 2008 in Rome with 200 participants to develop a consensus for each of the 
questions. 
They devised certain guidelines with respect to neuroanatomy of the region and operative 
technique. They defined post hernioplasty inguinal pain as pain persisting for more than 3 
months post-operatively as a direct consequence of a nerve lesion or disease affecting the 
somatosensory system, in patients who did not have groin pain prior to their hernia operation, 
or if they did, the post-operative pain differs from the pain they experienced pre-
operatively.(31) 
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Fig.31: Chronic groin pain clinical questionnaire 
List of clinical questions regarding post hernioplasty groin pain by the 
International Consensus Group, Rome 2008 
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The consensus was that it was possible to identify and preserve all 3 nerves during inguinal 
hernioplasty in 70-90% cases. However, the international audience deemed it was possible to 
identify all the 3 nerves only in 40% of cases. 
In case of nerve injury identified intra-operatively, the consensus group and international 
audience concluded that the injured nerve be completely resected and the proximal stump be 
buried in the muscle. The level of evidence available was suboptimal as there was no reliable 
literature available regarding nerve injury. 
If a patient develops chronic inguinodynia, medical management with analgesics is indicated 
for a period of 1 year. However, if pain persists beyond 1 year, a triple neurectomy was 
indicated, but to be performed by experienced surgeons.  
 
C) Recurrence: 
The most unfortunate complication following hernia repair is recurrence. It significantly adds 
to morbidity as well as presents a challenge to the treating surgeon in terms of re-operation. 
Significant risk of recurrence has been found in patients who have recurred following a 
hernia repair. (21)  
An increased risk of recurrence was found in a study comparing 47,975 patients between 
1998 to 2005, who underwent sutured repair as compared to mesh repair. The risk of 
developing a recurrence following a mesh repair was 25% that compared to a sutured repair. 
(32) 
 Although recurrence rates have fallen drastically since Lichtenstein’s technique became the 
standard of care, recurrences do occur.  
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A study by Bisgaard et al 2007, found the incidence of recurrence following inguinal 
hernioplasty to be 3.1% and recommended laparoscopic repair following recurrence after 
primary open repair. (33)  
Lacunae in current knowledge: 
Lichtenstein’s tension-free hernioplasty has been the standard of care for over 25 years, being 
one of the basic operative procedures mastered by surgical trainees. Although it is difficult to 
improve on a near perfect technique, the purpose of performing this study is to try to bring 
down operative time in this age where time is money. Secondary objectives include 
demonstrating an equal if not lesser incidence of post-operative complications.   
The commonest post-operative complications are seroma or hematoma development, surgical 
site infections, groin pain and recurrence.   
Justification for this study: 
The current practise is to offer surgical repair for all diagnosed inguinal hernias.(34) Hernias 
can progress in size and may become complicated and hence surgical repair is indicated. 
Only minor and rare complications arise out of inguinal hernioplasty performed in an elective 
setting. Certain authors have described non-operative treatment for inguinal hernias with 
some success. (35) 
Inguinal hernia repair has been carried out under virtually all types of anaesthesia. The 
commonest technique used in our institute is spinal sub-arachnoid blockade for open repairs 
and general inhalational anaesthesia for laparoscopic TEP or TAPP repairs. The advantages 
and disadvantages of each anaesthetic technique are listed as per Kulacoglu et al in Table 3. 
(34) 
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The use of skin staples for mesh fixation has been shown to reduce the operating time and 
can in turn reduce the time spent under anaesthesia, translating into reduced time spent under 
anaesthesia. 
It is clear from the available literature that Lichtenstein’s inguinal hernioplasty is a near 
perfect technique with minimal complications or recurrence. Anchoring of the mesh is done 
with the use of tackers in laparoscopic surgery and is an efficient and safe method of fixation. 
Application of a similar technique with skin staples in open surgery can aid in reducing the 
duration of surgery which in turn can improve use of theatre time as well as potentially 
reduce minor morbidity from the procedure. 
This technique has been attempted multiple times and the investigators of this trial decided to 
devise a single arm study as a pilot to determine the mean fixation time of the prosthesis, 
while maintaining safety and efficacy. Based on the results of this study, a randomised 
control trial would be planned in the future. 
 
 
Study Hypothesis: 
“To study the use of skin staples for mesh fixation and wound closure in patients 
undergoing elective inguinal hernia repair.” 
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Materials and methods 
Dates of data collection:  
From April 2016 to August 2017 
Study methodology: 
This trial was approved by the Institutional Review Board and Ethics Committee of Christian 
Medical College, Vellore. 
All patients admitted in the general surgical wards with the diagnosis of primary 
uncomplicated inguinal hernia were recruited into the study. The principal 
investigator was informed about these patients through the respective admitting 
registrars. Patients were recruited from the wards for in-patients and in the outpatient clinic 
for Day Care cases. They received information booklets and consent forms. 
Those patients who consented to be a part of the study underwent history-taking, 
detailed physical examination and standard pre-operative laboratory investigations. 
The mesh fixation time was measured by the operating surgeon beginning with mesh 
preparation and ending with completion of skin closure. All operating surgeons received a 
standard operating procedure with regard to mesh fixation. The data was then collected by the 
principal investigator retrospectively. Secondary outcomes such as post-operative 
complications were measured by the principal investigator either by clinical examination or 
through telephonic correspondence. Recurrence of the hernia was measured at 3 monthly 
telephonic follow-up for a period of 1 year from the date of surgery. 
The data was then analyzed to compare the outcomes with cases operated by the unit using 
conventional polypropylene sutures, retrospectively. Outpatient records of 100 patients 
operated by the conventional Lichtenstein’s technique between 2014 and 2017 were analyzed 
for post-operative complications. 
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The use of skin staples, if found to reduce the operating time, will help in more efficient use 
of theatre time and also reduced time spent under anaesthesia for patients. 
Bias: 
The primary outcome of the study was to demonstrate the mesh fixation time in inguinal 
hernioplasty. Bias arose in the measurement of operating time owing to differing experience 
and qualifications of the operating surgeons. This was an unavoidable source of bias. 
Key Criteria: 
Inclusion Criteria: 
 Age over 18 years 
 Diagnosed with primary unilateral uncomplicated inguinal hernia 
 Elective surgery 
 Being treated under the Division of Surgery at our centre 
 Consenting to participate in the study 
Exclusion Criteria: 
 Recurrent inguinal hernias 
 Bilateral inguinal hernias 
 Irreducible or strangulated hernias 
 Emergency surgery 
 Undergoing any other procedure coupled with inguinal hernioplasty 
 Patients not consenting to participate in the study 
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Method of selection: 
All consecutive patients satisfying the inclusion criteria undergoing Lichtenstein’s inguinal 
hernioplasty between April 2016 to August 2017. 
Blinding and Masking: Nil 
Consent administration: 
Consent for the study was obtained from the patient by the principal investigator or the senior 
registrar in the unit. They were provided with an information sheet as attached in the 
Annexures. 
Primary outcome: 
Mesh fixation time (calculated to the nearest 5 seconds from the beginning of preparation of 
the mesh till completion of skin closure). 
Secondary outcomes: 
1) Post-operative pain on a 100mm Visual Analogue Score to be assessed on post-operative 
day 1, 2 and 1 week post surgery 
2) Seroma formation in the immediate post-operative period (diagnosed 
clinically) 
3) Superficial surgical site infection in the immediate post-operative period 
4) Recurrence at 3 monthly telephonic follow-up for a period of 1 year 
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Statistical analysis: 
a) Sample size: 
The sample size for the study was calculated using data from the randomized control trial 
conducted by Munghate et al (2014) and mean mesh fixation time was used as the primary 
end point. 
 
n = (Ζ α/2 / σ)
2
 
        (ε)
2
 
n – Sample size 
Ζ α/2 − Significance level – 95% 
σ − Standard deviation – 6.9 
ε − Absolute precision – 2 mins 
 
A sample size of 50 is required to establish, with a confidence interval of 5%, the 
mean mesh fixation time of 20.7 minutes with a precision of 2 minutes and an 
attrition rate of 10%. 
b) Analysis of the primary outcome: 
The mesh fixation time was calculated to the nearest 5 seconds for all cases. The arithmetic 
mean of these values was calculated. 
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c) Analysis of secondary outcomes: 
The presence of a seroma / haematoma at the first outpatient visit was noted in all patients of 
the intervention group. 100 outpatient records of patients who underwent conventional 
polypropylene suture mesh fixation between 2014 to 2017 under the same surgical unit were 
accessed and analysed for presence of a seroma / haematoma at the first outpatient visit. The 
values were compared with Pearson’s Chi squared test and analyzed for homogeneity. 
Recurrence was calculated as a percentage in the intervention group.  
 
DETAILED ALGORITHM OF THE STUDY: 
Enrolment: 
All adult patients with primary unilateral uncomplicated inguinal hernias planned for 
Lichtenstein’s hernioplasty were recruited either by the principal investigator or the 
senior registrar in the unit, if they met the inclusion criteria.  
 
Intervention: 
Patients received spinal anaesthesia and were positioned supine. Parts were prepared, 
painted with 2% chlorhexidine solution and draped.  
An inguinal skin crease incision was made and dissection of the sac proceeded as per the 
operating surgeon.  
The timer was started from the time the scrub nurse handed the mesh to the surgeon for 
preparation. 
The mesh used was Ethicon polypropylene mesh or Centennial pharmaceuticals 
polypropylene mesh measuring 15 X 7 cm in size which was trimmed as per the 
requirement. The stapler used was a Manipler AZ single release stapler as per a 
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standardized operating protocol (see Annexures). The majority of the operations were 
performed by trainee registrars assisted by a consultant. The mesh was anchored to the 
pubic tubercle, upturned edge of the inguinal ligament and posterior wall of the inguinal 
canal by staples applied at regular intervals. The external oblique aponeurosis was 
approximated with polyglactin sutures and skin closure was done with staples. 
The time of fixation was calculated beginning with mesh preparation to the application of 
the final skin staple. 
Measurement of the time was done by the operating surgeon or the circulating nurse. 
 
 
 
Fig.32: Staple applied at the pubic tubercle 
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Fig.33: Staples applied at the inguinal ligament 
 
Fig.34: Staples applied to the posterior wall 
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Follow-up: 
The patient was assessed in the immediate post-operative period in the wards. 
Pain was measured on a 100mm Visual Analogue Scale and recorded. Analgesia was 
routinely given in the form of Paracetamol with a non-steroidal anti-inflammatory drug, 
unless contra-indicated.  
Presence of a haematoma or seroma was also noted. The patient was re-assessed on the 
second post-operative day and usually discharged. 
Further follow up was done at the first out-patient clinic visit and analyzed 
retrospectively by the principal investigator. 
Telephonic follow up was done for all patients at 3 monthly intervals for a period of 1 
year from the date of surgery. They were questioned regarding persistent groin pain and 
recurrence of a groin swelling, 
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♦ Received intervention (n=50)
 Did not receive allocated intervention (1: 
Lost to follow
Discontinued intervention (n=0)
Analysed  (n=50)
 Excluded from analysis (n=0)
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CONSORT 2010 Flow Diagram 
Assessed for eligibility (n=52) 
Excluded (n=0)
   Not meeting inclusion criteria 
(n=0) 
   Declined to participate (n=1)
 
Femoral hernia) (n=1) 
-up (n=0) 
 
 
 
 
 
  
Results 
A total of 50 patients were recruited between April 2016 and August 2017 who received the 
intervention. The results are presented in order of the objectives of the trial.
Demographics: 
1) Age and sex distribution:
Of the 50 patients recruited into the study, 96% (n=48) were male 
female. 
 
The mean age of the participants was 48.63 years with a range of 20
 
Table 2. Age distribution of 50 study subjects
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Variable N Mean
Age 50 48.63
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and 4% (n=2) were 
 
13 15 17 19 21 23 25 27 29 31 33 35 37
Age distribution 
 S.D. Min .25 Median
 15.97 20 35 52 
 
-77 years. 
 
39 41 43 45 47 49
 .75 Max 
62 77 
  
2)  Side of the hernia: 
Of 50 patients who were recruited, 21 patients had a left sided hernia and 29 patients 
had a right sided hernia.
Patients with bilateral inguinal hernias were not recruited.=
 
Graph 5: Side of hernia
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3) Type of hernia: 
Of the 50 patients recruited 
hernia, 38 had an indirect inguinal hernia and one patient was found to
pantaloon inguinal herni
Graph 6: Type of hernia
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for the study, 11 were found to have a direct inguinal 
a intra-operatively
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Pantaloon
77 
 
1.Mean mesh fixation time: 
The mean mesh fixation time was 15.04 minutes with a range of 8.30 minutes to 30.00 
minutes. The median value was 14.15 minutes. 
The same is illustrated in the graph below: 
 
 
 
 
Graph 1: Mesh fixation time 
The results are depicted in the following table: 
 
Variable N Mean S.D. Min .25 Median .75 Max 
Mesh 
fixation 
time 
50 15.04  4.52 8.30 11.50 14.15 17.30 30.00 
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2. Secondary outcomes: 
1) Post-operative pain on a 100mm Visual Analogue Score to be assessed on post-
operative day 1, 2 and 1 week post surgery: 
Post-operative pain was analyzed from the immediate post-operative period until 1 year to 
detect chronic groin pain syndromes. 
a) In the immediate post-operative period: 
Variable N Mean S.D. Min .25 Median .75 Max 
VAS 
immediate 
post-op 
50 6.96      0.95 4.00 7.00 7.00 8.00 8.00 
 
The highest pain score post-operatively was 8/10 on a 10 cm Visual Analogue Score. 
Most patients had adequate relief of analgesia with oral Paracetamol 1 gm 
administered every four hours and oral Diclofenac 50 mg administered every 3 hours. 
b) On post-operative day 2: 
Variable N Mean S.D. Min .25 Median .75 Max 
VAS post-
op day 2 
49 4.86      1.12 2.00 4.00 5.00 6.00 6.00 
 
49 patients were administered the VAS score as 1 patient was excluded. He developed 
reactionary haemorrhage and underwent exploration with ligation of the inferior 
epigastric artery and fixation of the mesh with polypropylene. 
a) On the first outpatient clinic visit: 
The patients were called for review to the outpatient clinic between 4 and 7 days post-
operatively.  
Variable N Mean S.D. Min .25 Median .75 Max 
VAS first 
OP visit 
49 2.00      1.22 0.00 1.00 2.00 2.00 6.00 
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b) On telephonic follow up at 3 months: 
The pain score had significantly reduced to 0/10 in the majority of patients. 
Variable N Mean S.D. Min .25 Median .75 Max 
VAS 3 
months 
41 0.34      0.57 0.00 0.00 0.00 1.00 2.00 
 
c) On telephonic follow up at 6 months: 
At 6 months, there was virtually no reported pain in any of the patients. 
Variable N Mean S.D. Min .25 Median .75 Max 
VAS 6 
months 
32      0.06      0.25 0.00 0.00 0.00 0.00 1.00 
 
d) On telephonic follow up at 9 months: 
At 9 months, there was no significant pain reported by the patients. 
Variable N Mean S.D. Min .25 Median .75 Max 
VAS 9 
months 
26      0.08      0.27 0.00 0.00 0.00 0.00 1.00 
 
e) On telephonic follow up at 1 year: 
Variable N Mean S.D. Min .25 Median .75 Max 
VAS 1 
year 
26      0.08      0.27 0.00 0.00 0.00 0.00 1.00 
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Graph 2: Visual Analogue Score  
The VAS pain score was measured at the bedside during the hospital stay and 
telephonically during follow up. 
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2) Seroma formation (diagnosed clinically): 
Seroma formation was diagnosed clinically as a fluctuant collection in the groin with serous 
fluid discharge.  
11 of 50 patients in the study group developed a seroma (22%) 
However, comparison with the control group was not statistically significant and almost 
identical at 22.45% and 22% respectively (p=0.951). 
 
 
 
Graph 3: Seroma / Haematoma formation 
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 3) Superficial surgical site infection
12% of patients developed a superficial surgical site infection re
therapy (n=6/50).  
All patients only received Inj.Cefazolin 1 gm at anaesthesia induction for antibiotic 
prophylaxis. Routine post-operative antibiotics were not administered.
 
 
Graph 4: Superficial surgical site infection
None of the patients developed a mesh infection requiring further intervention.
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4) Recurrence at 3 monthly telephonic follow-up for a period of 1 year: 
1 patient developed a recurrence at 3 months post-operatively requiring re-operation. 
2 patients were detected to have a recurrence 14 months post-operatively and are currently 
planned for re-operation. 
Cumulative recurrence at 1 year was calculated to be 6% (n=3/50). 
 
 
Graph 5: Recurrence 
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Discussion 
 
The primary objective of this study was to demonstrate the mean mesh fixation time with 
skin staples for fixation of the polypropylene prosthesis used in Lichtenstein’s hernioplasty. 
The mean mesh fixation time noted in our study was 14.95 minutes as opposed to 20.7 
minutes as found by Munghate et al 2014. Garg et al (36)noted a mean mesh fixation time of 
12.30 minutes with a range of 09-20 minutes. Our experience with the technique was that 
using a stapler to fix the mesh was more ergonomical as compared to using sutures. There 
was no crumpling of the mesh as seen with application of a continuous polypropylene suture. 
Anchoring the mesh to the inguinal ligament was done after palpating the major vessels and 
consciously avoiding them. The leg length of the staples used was 3.6 mm and approximated 
with  a “box style” closure so as to provide adequate tissue approximation.  
Egger et al (37) were the first to report the fixation of the mesh with staples. They noticed an 
average operating time of 29 minutes with a range of 12-50 minutes while using skin staples 
for mesh fixation. However, their study had a median follow up of 105 days and no 
recurrences were reported during that time. The technique was met with scepticism as evident 
by letters to the editor (38) who felt that the follow up protocol was not optimal as well as 
post-operative complications were assessed inadequately. 
Mills et al (39) reported a mean mesh fixation time of 7:20 minutes with a range of 5:40-
11:25 minutes. The reduced time of operation was proposed to reduce the time spent under 
anaesthesia as well as reduced rates of surgical site infections. 
In the current setting where most Lichtenstein’s inguinal hernioplasties are performed under 
sub-arachnoid blockade or local anaesthesia, shorter operating times translate into reduced 
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doses of anaesthetic agents. This in turn would reduce the toxicity of these agents and 
facilitate faster discharge especially in a day care setting. 
In our experience, the anchoring staple at the pubic tubercle was found to be firmly fixed to 
the tissues and provided adequate fixation. Furthermore, the stapler could be fired with more 
ease as compared to attempting to take a suture with less of retraction and handling of tissues.  
With regard to the secondary outcomes, we evaluated patients for development of seromas or 
haematomas, surgical site infections, post-operative pain and recurrence over a 1 year period. 
Post-operative pain was measured using a 10 cm visual analogue score, with patients 
reporting maximum pain in the immediate postoperative period, and a sharp fall from the 
second day up to the first outpatient visit. Pain was classified into mild (VAS 0-3), moderate 
(VAS 4-6) and severe (7-10). As of September 2017, 6.25% (n=2 out of 32) patients reported 
having mild pricking groin pain triggered by physical exertion. The final percentages will be 
available in August 2018 after obtaining data from the 50th patient.  Our results were better 
than the findings reported by Manangi et al (40) who found chronic pain, i.e. groin pain 
persisting at 6 months post-operatively, in 39.4% (89 out of  227) patients who underwent 
conventional Lichtenstein’s inguinal hernioplasty. Of the 39.4%, 30.5% had mild pain, 7.9% 
had moderate pain and 1% had severe pain. They also reported significant correlation of 
chronic groin pain with intra-operative nerve injury. Lower incidence of post-operative pain 
was observed in patients in whom all 3 nerves were identified and preserved, namely the 
ilioinguinal, iliohypogastric and genital branch of genitofemoral nerve. 
Sakorafas et al (41) reported persistent severe groin pain 6 months after the operation in 1% 
of patients in their series.  
Garg et al (36), Munghate et al (42) did not report any cases of chronic neuralgia with staple 
fixation of the mesh. Mills et al and van der Zwaal et al did not find any significant neuralgia 
following mesh fixation with staples. 
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Development of a seroma or haematoma was also studied as a secondary outcome in our 
study. Incidence of 22% was noted and compared with 100 patients who underwent suture 
fixation of the mesh between 2014 and 2017. The medical records were retrieved and studied. 
The results were comparable with no statistical significance (p value: 0.951) between the 
different techniques. 
Garg et al (36) found an incidence of seroma of 13.3% in the staple group (n=4/30). Two of 
these patients required aspiration while the remaining settled spontaneously. They also 
reported an incidence of wound swelling and induration separately as 26.6% (n=8 out of 30). 
The patients who developed an induration at the operative site were considered to have an 
underlying seroma in our study and reported accordingly.  
Munghate et al (42) did not report any seromas developing in patients who received staple 
fixation of the mesh, while 12% of patients in the suture group developed this complication. 
Van der Zwaal (43) too did not report any wound seromas or haematomas in the staple group, 
citing reduced handling of tissues to be the contributory factor. 
Egger et al (37) reported one patient developing post-operative haemorrhage requiring 
evacuation of the haematoma. In our study, one patient developed reactionary haemorrhage 
requiring exploration. Intra-operatively there was no active bleeder which could be identified. 
The mesh was excised and the inferior epigastric artery ligated. Haemostasis was achieved 
and the mesh was replaced and fixed with polypropylene sutures. There were no other 
haematomas which were detected. 
10.2% of patients (n=5 out of 49) developed a superficial surgical site infection detected at 
the first outpatient clinic visit which resolved with a course of oral antibiotics. There was no 
underlying mesh infection. Van der Zwaal et al, Munghate et al and Garg et al reported lower 
incidences of surgical site infection with the staple group as compared to a suture group. 
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They proposed the inert nature of the stainless steel staple to be the contributory factor for 
lower incidence of infection. 
There were 3 reported recurrences in our study so far. One patient was diagnosed with a 
pantaloon hernia and recurred 3 months following the operation. He underwent laparoscopic 
hernioplasty and was noted to have a direct hernia at the medial side of the canal. The second 
patient reported a recurrent bulge over the scar on telephonic follow up at 12 months and was 
noted to have an expansile cough impulse from the lateral edge of the skin incision. He had 
also developed a hernia on the opposite side noted on clinical examination. He is currently 
planned for a bilateral hernioplasty. 
The third patient also reported a recurrent groin swelling at telephonic follow up at 12 months 
post-operatively. He is also planned for re-operation. 
None of the studies quoted previously have reported a recurrence in the follow up period 
ranging from 105 days to 12 months. (42)  
Van der Zwaal (43) reported a higher recurrence rate in the suture group 11% versus 1% 
(p<0.01). However, in the technique adopted by them, they placed a single 2-0 polypropylene 
suture at the pubic tubercle to anchor the mesh, followed by staple fixation along the inguinal 
ligament. 
The rate of recurrence in our study is probably explained by a technical failure. Of the 100 
retrospective controls studied, none had a recorded recurrence or re-operation. However, that 
information is limited by a reporting bias in that patients who suffer a recurrence might seek 
medical attention at another centre. 
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Limitations 
 
There were multiple limitations to this study. Being a single arm interventional study, 
there was no available comparator data to be used for analysing the primary objective. 
However, this study was planned as a pilot study, the results of which could be used to 
conduct a more scientific randomized control trial in the future. 
A similar comparator agent was unavailable with regard to analysis of post-operative 
complications. Retrospective chart reviews were not age and sex matched to the study 
population. 
The Hawthorne effect would also influence the results of the primary outcome as surgeons 
would tend to operate faster when they know they were being timed. 
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Conclusion 
 
 
The most important conclusion of this trial was that the mesh fixation with staples leads to a 
significant short term recurrence. The question of safety was also addressed with post-
operative complications being comparable to established suture fixation techniques as well as 
with other staple fixation studies conducted previously. There was also no mortality. The data 
regarding the mean mesh fixation time may be used as a reference for future studies 
conducted using this technique.  
Secondary objectives were mostly in keeping with international and Indian data on this 
disease process.  
We do however note the incidence of short term recurrence which was not reported in any 
other studies done using this technique. This would require further investigation into the 
technique of staple application and might warrant a modification of the technique to prevent 
early recurrence. 
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Annexures 
Clinical Research Form: 
Name: 
Age:                                Sex:                              Occupation: 
Address: 
 
Telephone Number: 1) 
                                      2) 
Brief History: 
 
 
 
Examination: 
Temperature:                                     Pulse:                          Blood pressure: 
Significant findings: 
 
Systemic examination: 
Cardiovascular system: 
Respiratory system: 
Central nervous system: 
Abdominal examination: 
 
Local examination: 
Characteristics of the groin swelling: Right/Left 
 
Skin over the swelling: 
98 
 
Expansile cough impulse: Y/N 
Deep ring occlusion test: Swelling appears/does not appear 
Consistency of the swelling: 
Bowel sounds heard/not heard 
Examination of the scrotum: 
 
 
Examination of the opposite side: 
 
Provisional diagnosis: 
 
Imaging: 
 
Laboratory results: 
Hemoglobin:  
Creatinine: 
Random blood glucose:  
 
Final diagnosis: 
 
 
 
Consent obtained: Y/N 
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Post-operative Data: 
Date of surgery: 
Mesh fixation time: (rounded off to the nearest 5 seconds): 
Name of Investigator:                                                                    Signature: 
Sr.No Complaints 
Seroma 
/Hematoma 
Superficial 
surgical site 
infection 
Visual 
Analogue 
Score for 
pain 
Recurrence 
Other significant 
findings 
Immediate 
post-
operative 
period 
      
Post-op 
Day 2 
      
First OP 
visit 
      
3 months       
6 months       
9 months       
12 months       
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Consent forms 
INFORMED CONSENT 
 
Christian Medical College, Vellore 
Department of General Surgery 
 
A single arm study for the use of skin staples for mesh fixation and wound closure in 
unilateral elective inguinal hernia repair 
 
Information sheet 
 
You are being requested to participate in a study to see if the use of skin staples for fixing of 
the mesh and wound closure during hernia repair will help to reduce operating time and post-
operative wound related complications as compared to using polypropylene sutures. The 
current practice is to use suture materials such as polypropylene for mesh fixation and either 
nylon or poliglecaprone for wound closure. We hope to include about 50 people from this 
hospital in this study. 
What are skin staples and what is the benefit of using them? 
Skin staples are made from medical grade stainless steel and are routinely used for skin 
closure after most surgeries. Multiple studies have found no significant difference in 
outcomes with the use of staples or sutures for wound closure. Inguinal hernia repair has 
certain known complications such as seroma formation, superficial surgical site infection, 
scrotal edema and chronic post-operative pain due to nerve impingement.  These 
complications may be reduced by the use of skin staples as it involves decreased tissue 
handling and reduced operating time as well as time spent under anaesthesia.  
Are there any risks of using skin staples instead of sutures for the surgery? 
The risks which arise from using staples are much the same as those from using sutures. 
Specific risks would be injury to the blood vessels or nerves in the region during application 
of the staples. However, in the few such studies done in the past, none of the patients were 
reported to have any complications arising specifically from the use of skin staples.  
If you take part what will you have to do? 
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If you agree to participate in this study, you will undergo inguinal hernia open mesh repair by 
the use of skin staples for fixing the mesh and wound closure.  All other treatments that you 
are already on will be continued and your regular treatment will not be changed during this 
study. After the surgery, a doctor will visit you and perform a physical examination to detect 
any complications, if any. You will also be asked to quantify any pain that you may be 
experiencing on a printed scale with numbers from 1-10, known as a Visual Analog Score. 
After discharge, you will be asked to come for a review to the hospital in 3 to 4 days and until 
staple removal from the skin wound. No additional procedures or blood tests will be 
conducted routinely for this study.  
If at any time you experience any problems, you will be expected to report this to the doctor. 
You will also be contacted by telephone every 3 months after the surgery for a period of 1 
year by the doctors in the study who will ask you about any side effects you are experiencing. 
 Can you withdraw from this study after it starts? 
Your participation in this study is entirely voluntary and you are also free to decide to 
withdraw permission to participate in this study. If you do so, this will not affect your usual 
treatment at this hospital in any way.  
What will happen if you develop any study related injury? 
We do not expect any injury to happen to you but if you do develop any side effects or 
problems due to the study, these will be treated as per standard treatment protocols. 
Will you have to pay for the skin staplers?  
The skin staplers will be provided free of cost.  
Will your personal details be kept confidential? 
The results of this study will be published in a medical journal but you will not be identified 
by name in any publication or presentation of results. However, your medical notes may be 
reviewed by people associated with the study, without your additional permission, should you 
decide to participate in this study.  
 
If you have any further questions, please ask Dr.Swaminathan Ravi,  (tel: 9176094549/ 
0416 2283050) or email: s.ravi@cmcvellore.ac.in/dr.swaminathan.ravi@gmail.com 
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CONSENT TO TAKE PART IN A CLINICAL TRIAL 
 
Study Title: A single arm study for the use of skin staples for mesh fixation and wound 
closure in patients undergoing elective inguinal hernia repair 
 
Study Number: 
Participant’s name:  
Date of Birth / Age (in years): 
 
I_____________________________________________________________ 
___________, son/daughter of  ___________________________________ 
 
(Please tick boxes) 
Declare that I have read / read to the information sheet provide to me regarding this study and 
have clarified any doubts that I had. [ ] 
I also understand that my participation in this study is entirely voluntary and that I am free to 
withdraw permission to continue to participate at any time without affecting my usual 
treatment or my legal rights [ ] 
I understand that I will not receive any financial aid [ ] 
I understand that the study staff and institutional ethics committee members will not need my 
permission to look at my health records even if I withdraw from the trial. [ ]  
I understand that my identity will not be revealed in any information released to third parties 
or published [ ]   
I voluntarily agree to take part in this study [ ] 
 
Name:                                             Name of witness:                               Name of interpreter: 
Signature:                                       Relation to participant:                      Signature: 
Date:                                              Signature: 
                                                       Residential address:  
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Bengali: 
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Hindi: 
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Tamil: 
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Data sheet: 
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